Background and Aims-Studies evaluating the effect of legume consumption on cholesterol have focused on soybeans, however non-soy legumes, such as a variety of beans, peas, and some seeds, are commonly consumed in Western countries. We conducted a meta-analysis of randomized controlled trials evaluating the effects of non-soy legume consumption on blood lipids.
INTRODUCTION
Worldwide, cardiovascular diseases (CVD) are estimated to be the leading cause of death and loss of healthy life years resulting from disability (1) . In the United States, CVD causes 1 of every 3 deaths (2) . Recent data show that 71.3 million people in the United States have two or more risk factors for heart disease (2) . Studies have consistently shown that risk factor modification can decrease the prevalence of cardiovascular diseases, such as coronary heart disease and strokes (3) (4) (5) (6) . Diet is an important modifiable risk factor for many types of heart disease (7, 8) .
Observational epidemiologic studies have strongly indicated an inverse relationship between fruit and vegetable consumption and the incidence of cardiovascular events (7, 9) . So much so that not consuming fruits and vegetables daily may be responsible for up to 13.7% of acute myocardial infarcts in one estimate (10) . Several studies have also shown that persons who consume diets high in whole grains and fiber have lower blood pressure and total cholesterol levels (11, 12) . The Dietary Guidelines for Americans suggest consuming 3 cups of legumes, which are rich in soluble dietary fiber and vegetable protein, per week; however less than a third of the population meets this guideline (13, 14) . Legume consumption has been associated with lower risks of coronary heart disease in observational epidemiologic studies (15, 16) and has been shown to decrease total cholesterol and low-density lipoprotein cholesterol in clinical trials (17, 18) . However, the majority of studies that have evaluated the hypocholesterolemic effects of legume consumption examined soybeans specifically rather than the many non-soy legumes, which are more commonly consumed in the Western hemisphere (19) . Non-soy legumes include a variety of beans such as navy, pinto, kidney, garbanzo and lima beans and peas such as split green peas or lentils. Randomized controlled trials that have examined the potential hypocholesterolemic effects of a diet rich in non-soy legumes have differed in their findings (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) (31) , with some finding no effect (22, 24, 31) , while other identified a significant cholesterol lowering effect (20, 21, 27) . We conducted a meta-analysis of randomized controlled trials to quantify the direction and magnitude of the potential effect that consumption of non-soy legumes may have on serum cholesterol concentrations.
METHODS

Study Selection
We searched the online databases MEDLINE (from January 1966 through July 2009) using the following terms as medical subject headings and keywords: fabaceae not soybeans not isoflavones and diet or dietary fiber and cholesterol or hypercholesterolemia or triglycerides or cardiovascular diseases. An EMBASE database search (from January 1980 to July 2009) was also performed using the database-specific medical subject headings and keywords: legume or bean not soybean not isoflavone and dietary fiber or high fiber diet and cholesterol or hypercholesterolemia or triacylglycerol or cardiovascular disease. Both searches were limited to human subjects but not limited in language. The authors also performed a search of the Cochrane Central Register of Controlled Trials with the same search criteria and limits. A manual examination of the references in the published studies and in suitable review articles was also performed. Experts in the field were contacted to determine if any other studies were near completion.
The titles and abstracts of 140 studies were identified through the literature search and were reviewed independently by two investigators (M.T.T., C.H.N.) in duplicate to determine whether they met eligibility criteria for inclusion. Where discrepancies between investigators occurred for inclusion or exclusion, a third investigator (L.A.B.) was involved to conduct additional evaluation of the study, and discrepancies were resolved by consensus.
Studies were eligible for inclusion if they met the following criteria: (1) the study design was a randomized control trial; (2) the study had similar total energy and macronutrient values in the control and legume diets; (3) the intervention and control groups reported total cholesterol, high-density lipoprotein (HDL), low-density lipoprotein (LDL), very lowdensity lipoprotein (VLDL), and/or triglycerides; (4) the intervention consisted of non-soy legume consumption; (5) the duration of intervention was at least 3 weeks; and (6) study participants were adults.
Data abstraction
All data were independently abstracted in duplicate by 2 investigators (M.T.T., C.H.N.) using a standardized data collection form. Discrepancies were resolved by discussion with a third investigator (L.A.B.) and by referencing the original articles. If necessary, we contacted authors for missing data. Publication characteristics were recorded as follows: primary author's name, publication source and year, country of origin, study design (parallel, factorial, or crossover trial), blinding (open, single, or double), whether there was a washout period, if the treatment allocation was concealed, if intention-to-treat analysis was used, study duration, sample size, percentage of male participants, mean age and range, baseline mean levels of lipids, inclusion and exclusion criteria, and a description of legume preparation. Dietary components for both treatment and control groups were recorded as follows:
and soluble dietary fiber (g/d). Mean study endpoints for the legume and control diets were recorded for total cholesterol, HDL cholesterol, LDL cholesterol, VLDL cholesterol, and triglycerides.
Statistical analysis
Some studies reported lipid levels in mg/dL, which required conversion to mmol/L prior to computations. For conversion, 1 mg/dL=0.0259 mmol/L was used for cholesterol and 1 mg/ dL=0.0113 mmol/L was used for triglycerides.
The mean total cholesterol, HDL, LDL, VLDL, and triglycerides at baseline and at the end of intervention period were used to calculate mean net changes for each study. For parallel trials, mean net changes for the outcomes listed above were calculated as the difference (legume diet minus control diet) of the changes (baseline minus endpoint) in mean values. For crossover trials, mean net changes for the outcomes were calculated as the difference (legume diet minus control diet) in values at the end of the intervention and control phases. In studies where two amounts of the same legume were tested (23), we used the average values from the two intervention arms for the change in cholesterol levels. One trial used a 3 phase crossover design to examine the effects of pinto beans and black-eyed peas separately with only one control group (31) . In order to avoid double use of the control group, we used only the data from pinto beans to reduce possible between-study heterogeneity due to the variety of legumes included in the meta-analysis.
Variance of the mean net changes of the outcomes (total cholesterol, HDL, LDL, VLDL, and triglycerides) for each trial was calculated using standard deviations or standard errors. To calculate pooled mean net changes, each study was assigned a weight, calculated as the reciprocal of the variance for the mean net changes.
The homogeneity of the effect size among studies was tested using a χ 2 test. Our tests indicated homogeneity across the studies included in the meta-analysis for total cholesterol (p=0.26) and LDL cholesterol(p=0.65), and heterogeneity across the studies included for HDL (p=0.005), VLDL (p<0.0001), and triglycerides (p= <0.0001). Due to the heterogeneity identified between studies, we used DerSimonian and Laird random-effects models, which take into account between-study variations, to calculate the pooled mean net change of lipids comparing the legume diets with control diets (32) . A meta-regression was also performed to examine sources of heterogeneity and determine the influences of study characteristics including age of participants, proportion of male participants, study design, country of origin, study size, and the duration of intervention, on effect-size estimates.
To assess for potential publication bias, we constructed funnel plots for each outcome in which the mean net change was plotted against the study size (33). In addition, Begg's rank correlation test was used to examine the association between mean net change and its variance, and Egger's linear regression test, which regresses z statistics on the reciprocal of the standard error (SE) for each study, was also used to detect publication bias (34, 35) . We conducted an influence analysis where each trial was excluded in turn to evaluate the influence of that trial on the pooled estimate and determine if that study was an outlier. All analyses were conducted in STATA version 9.2 (StataCorp, College Station, TX). We conformed to QUOROM (Quality of Reporting of Meta-analyses) guidelines in the report of this meta-analysis of randomized controlled trials (36) . Figure 1 depicts the flow of study selection for the analysis. Of the 140 potentially relevant references identified, 117 were excluded following review of abstract and title. A total of 23 full-text articles were retrieved and reviewed for inclusion. We further excluded 8 articles due to multiple publications from an individual trial, 1 study was shorter than 3 weeks in duration, 1 was excluded due to lack of control diet, 2 articles were excluded because they reported insufficient information to calculate an effect size and/or its variance and 1 was eliminated because the control diet was an active cholesterol lowering intervention. A total of 10 randomized controlled trials were included in this meta-analysis, representing data collected from 268 participants. (21) (22) (23) (24) (25) (26) (28) (29) (30) (31) The baseline characteristics of the study participants and designs of the randomized controlled trials are presented in Table 1 . Out of the 10 trials, 4 were conducted in the United States, 2 in Australia, 2 in Spain, and 1 each in Chile, and New Zealand. A total of 268 participants were included in the analysis. There were 188 men in the trials, representing 70.1% of all participants and 5 trials had exclusively male participants. Study participants ranged in age from 18 to 78. Participants with high, borderline high, and normal cholesterol levels were included and no studies included participants who were taking cholesterol-lowering drugs. Total cholesterol at baseline was reported for 8 studies and study means ranged from 199 to 294.6 mg/dL (22) (23) (24) (25) (26) (29) (30) (31) . Mean baseline LDL-and HDLcholesterol were reported in 6 studies and mean LDL cholesterol ranged from 138 to 200.4 mg/dL while mean HDL cholesterol ranged from 39.0 to 58.0 mg/dL. (22) (23) (24) (25) (26) 30, 31) Trials primarily employed the crossover design, however 2 were parallel and 1 was factorial in design. Most trials matched macronutrient and energy content between the legume diet and control diet groups, including amounts of saturated and total fat in the diets (Table 2) . Various non-soy legumes were represented; intervention diets included the addition of mixed legume dishes, whole chickpeas, field beans ground into flour, whole pinto beans, canned baked beans, whole peas, and whole navy beans, among others (Table 1) . Comparison groups consisted of calorie and macronutrient-matched control diets, often with a wheat-based or canned vegetable substitution. Intervention durations ranged from 3 to 8 weeks. Most of the studies were conducted in free-living adults, though 1 trial was conducted in a metabolic lab (26) and in one trial all meals were eaten at the study kitchen. (21) Mean net changes and corresponding 95% CIs for total serum cholesterol were reported in 10 studies (21) (22) (23) (24) (25) (26) (28) (29) (30) (31) , and HDL, LDL cholesterol and triglycerides were reported in 9 studies (21) (22) (23) (24) (25) (26) 28, 30, 31) . For total cholesterol, the mean net changes in each study ranged from 1.2 to −31.4 mg/dL. The pooled mean net change from a legume diet was −11.76 mg/ dL (95%CI: −16.06, −7.47, p<0.001; Χ 2 for heterogeneity p=0.26), Figure 2 We examined the potential for publication bias by plotting sample sizes versus mean net change for total cholesterol, HDL, LDL, VLDL, and triglycerides among the trials included in this meta-analysis using Begg's rank correlation test (p=0.09, p=0.75, p=0.30, p=0.12 and p=0.99 for total, HDL, LDL and VLDL cholesterol, and triglycerides, respectively) and Egger's linear regression tests (p=0.19, p=0.53, p=0.41, p=0.01 and p=0.55 for total, HDL, LDL and VLDL cholesterol, and triglycerides, respectively).
RESULTS
We also examined heterogeneity between studies. Heterogeneity among the effect sizes of individual trials for total, LDL, HDL and VLDL cholesterol and triglycerides had I-square values of 19.7%, 63.8%, 0%, 89.0% and 97.9% respectively. Significant heterogeneity remained between studies for HDL and VLDL cholesterol and triglycerides, therefore, we performed a meta-regression analysis to examine characteristics of the trials and/or their study populations which may affect the heterogeneity in mean net change for lipid parameters. Significant predictors (p<0.05) of the mean net change in total cholesterol among studies included the number of male participants and the length of the intervention phase. For LDL cholesterol, significant predictors included mean age, number of male participants, study design, number of participants and duration of the study. For triglycerides only mean age was a significant predictor and for HDL cholesterol none of the study characteristics were significant predictors.
We then performed sensitivity analyses on net change of lipid concentration using gender distribution (trials with 100% vs. <100% male participants), median duration of the intervention (< 5 vs. ≥5 weeks), study design (crossover vs. parallel or factorial design), and type of control diet (matched vs. other), shown in Table 3 . In the influence analysis, exclusion of any single study did not change the significance of the pooled estimates for total cholesterol, LDL, HDL, VLDL, or triglycerides.
DISCUSSION
CVD remains the leading cause of death in the US and other Western countries despite advances in care (1). Therefore, modification of risk factors is an essential part of any strategy to decrease the number of CVD events and deaths. Our results indicate that non-soy legume consumption has a significant beneficial effect on serum cholesterol levels, one of the most important risk factors for CVD. Both total and LDL cholesterol decreased, while HDL cholesterol did not change significantly, when non-soy legumes were supplemented. On average, men, who composed the majority of participants in these study populations, achieved lower cholesterol levels (total and LDL) than women while consuming legumesupplemented diets.
This meta-analysis is one of the first to assess the effects of non-soy legume supplemented diets on measures of CVD risk such as total cholesterol, LDL, HDL, VLDL, body weight, or BMI. We identified only one previous analysis, conducted in 2002, which examined the cholesterol lowering effects of non-soy legumes (17) . However, in the latter study, investigators did not describe a specific search strategy, present inclusion or exclusion criteria, forest plots, sensitivity analyses, assessments for heterogeneity among studies, or assessments for publication bias. In addition, several new, larger randomized controlled trials of legume supplementation have been conducted in recent years (28) (29) (30) (31) .
The majority of previous meta-analyses have focused primarily on soy-based interventions. For example, in a recent meta-analysis of 41 randomized controlled trials examining the effect of isolated soy protein supplementation on cholesterol levels, Reynolds et al. identified a significant reduction in total cholesterol (−5.26 mg/dL, 95%CI: −7.14, −3.38), LDL cholesterol (−4.25 mg/dL, 95%CI: −6.00, −2.50), and triglycerides, and an increase in HDL cholesterol (0.77 mg/dL, 95% CI: 0.20, 1.34) when soy protein supplements were incorporated into the diet of participants (19) . An earlier meta-analysis by Anderson et al. which focused on soy-based dietary interventions examined 38 controlled clinical trials, however not all studies included in the analysis used random assignment. Also, this metaanalysis included studies with adults and children and both isolated soy protein and textured soy protein supplementation. The authors reported a 9.3 percent reduction in total cholesterol (23.2 mg/dL, 95% CI: 13.5, 32.9) and 12.9 percent reduction in LDL cholesterol (21.7 mg/dL, 95% CI: 11.2, 31.7), as well as a modest, but non-significant 2.4 percent (1.2 mg/dL, 95% CI: −3.1, 5.4) increase in HDL cholesterol (37) . While soy-based supplementation appears to be beneficial, soybean consumption is not a traditional part of Western dietary habits whereas the consumption of other legumes and seeds is traditional. Thus, systematically examining the potential benefits of non-soy legume consumption has important clinical implications in Western populations. The results of our meta-analysis shows that a non-soy legume diet have similar effects as diet employing soy-based supplementation with significant reductions in total and LDL cholesterol.
Several components of legumes are likely to contribute to their cholesterol-lowering effects. Soluble fiber, in particular, is thought to bind to bile acids in the intestines and prevent reabsorption into the body. Consequently, an increase in the production of bile acids decreases the liver pool of cholesterol and increases uptake of serum cholesterol by the liver thereby decreasing circulating cholesterol in the blood (38) . In addition, prospective epidemiologic studies have identified an association between higher intakes of dietary total and soluble fiber and a lower incidence of coronary heart disease events (12, 39, 40) . Currently, the Dietary Guidelines for Americans recommends 14 g of dietary fiber for each 1,000 kcal of energy consumed per day (13). Legumes are a particularly good source of dietary fiber. Among the non-soy legumes included in this meta-analysis, one-half cup of cooked beans or peas can provide a range of dietary fiber from 4.6 g in fava beans up to 9.6 g fiber in navy beans, with a half cup of chick peas (garbanzo beans) providing 6.2 g of total fiber, and 1.3 grams soluble dietary fiber (see Appendix 1in supplemental materials for the nutrient content of beans included in the meta-analysis). Specific phytochemicals may also contribute to the hypocholesterolemic effects of legumes. For instance, phytosterols, a component of plant cell membranes, have been shown to reduce blood cholesterol levels and are present in small to moderate amounts in many types of legumes, such as chickpeas (41) .
This meta-analysis has several important strengths which lend confidence to our findings. Given that our meta-analysis draws on the results of randomized controlled trials, findings are less likely to be subject to confounding and bias than those from observational studies. We did not find strong evidence of publication bias on testing; however it should be noted that since the studies included in the meta-analysis had small sample sizes, the random error is likely to be more widely scattered around the mean effect. Also small studies with large effect sizes are more likely to be published therefore, the possibly of publication bias cannot be completely excluded. In addition, our sensitivity analysis showed minimal influence on the combined results for any single trial. Finally, while a diversity of non-soy legumes were included in the intervention diets, they were similar in nutrient content; the nutrient content of the control diets were also similar to legume diets in total energy and macronutrients.
An additional strength of the present meta-analysis is that there was no evidence of heterogeneity in effect size for total or LDL cholesterol and these two lipid levels are the focus of the National Cholesterol Education Program (NCEP) Adult Treatment Panel III guidelines for reducing cardiovascular risk (3) . One limitation of our study may be the sample populations included in the trials. The majority of participants were middle-aged men and many of those participating were hypercholesterolemic. While we would expect the underlying mechanisms to operate similarly in persons with other characteristics, for instance women and/or those with a normal cholesterol level, we cannot be sure of this based on the results of our meta-analysis. Further studies should be conducted which specifically enroll women, participants from racial and ethnic minority groups, pre-and post-menopausal women, and obese as well as normal weight participants.
Additionally, weight-loss can independently affect cholesterol levels. A recent study demonstrated that relatively small amounts of weight loss, ranging from 5.2 to 8.9% of body weight (approximately 5 to 8.5 kg ) produced a 2.4-7.6% (approximately 5-15 mg/dL) decrease in total cholesterol in obese participants after 6 months of lifestyle modification (42) . Another study demonstrated that as little as 2.5%loss in body weight was associated with a 2.2% decrease in total cholesterol over three years of lifestyle intervention (43) . In this meta-analysis, 6 of the 10 trials reported change in weight as an outcome and mean net changes in body weight ranged from −2.6 kg to 1.3 kg (about −2 to +1% body weight) (21, (23) (24) (25) 28, 29) . This amount of weight loss is not likely to produce the changes in cholesterol that were demonstrated in the meta-analysis (mean net change −11.8, 95% CI −16.1, −7.5) particularly due to the relatively short duration of these trials. Similarly, exercise and physical activity could have confounded the results; however no trials reported physical activity measures. For the trials that mentioned physical activity (n=4), all stated that participants were asked to maintain their normal level of activity (22, 28, 30, 31) .
In summary, this meta-analysis of randomized controlled trials provides the strongest evidence to date that non-soy legume consumption lowers serum total and LDL cholesterol, and therefore may lower the risk CVD. Existing dietary guidelines call for the consumption of 3 cups of dried beans or peas per week, however current consumption is less than half that, while consumption of starchy vegetables, primarily white potatoes, is far above current recommendations (14) . Replacing white potatoes with legumes at some meals could result in improved cholesterol levels. Dietary modification strategies that target the reduction of risk factors for CVD should include an increase in legume consumption in addition to other strategies which have been of proven benefit.
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